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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for a solar cell which can make 
reduction in the defect density in crystalline silicon films compatible with an optical 
confinement effect using a roughened surface layer on the substrate for the solar cell, 
and to provide a thin film solar cell. 

SOLUTION: A thin film solar cell 20 is constituted by laminating a glass substrate 1 1a, 
a roughened surface layer 1 1b, a P-type crystalline silicon layer 12, an I-type 
crystalline silicon layer 13, an N-type silicon layer 14, a rear reflective layer 15 and a 
rear electrode 16 in this order. When a square mean value to show the roughened 
heights of the layer 11b is used as an index to represent the roughness of the surface 
of this layer 11b, the square mean value of the roughness of the layer 1 1b in the form 
of this embodiment is set in the range of 25 to 600 nm. At the time when the angle of 
inclination of the roughened surface of the layer 1 1 b to the mean oval of the roughness q 
of the layer 1 1b is assumed to be © the value of tan0 is set in the range of 0.07 to 
0.20. 
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^ct/Co ffi^lf-^*ftl;i4 9*®fflll 6 

iltfiiSJSOOnm-CJgSU ^/^ISlla 

[0 0 7 7] r<Oi*R*|»a?&2 0(7), AMI. 5 (1 
0 OmW/c m 2 ) fiBJt*«=TtC*5tt 5««fL-ffiffi«H4 
^®J^L/c<b^5> S^SSE(42 5. 0raA/cm2 , 
MiifcmjEf40. 5 2 4V, ^H^i4 0. 7 0 0, 3tS 

mmjimn9. i7%-e*>o*i 0 

[0 0 7 8] ZtVftgzfrh. EC&SaESl 1 biDSzhn 
£ (D~ '^W-&M = 2 8 n m, 7J>o tan0 = O. 08^: 

*ias^j^4 D0db^®/gi i b DatBo^oiEa 

^200-1 400 n m-efcjfU*. ±Ejfcfl=©Dflfii4r* 



(7) 

[0079] St. nM->y =»>^j5 1 4<o*ffi^nacjia 

£ <D 1 8 n m, rt>0 tan0=O. 0 6 <h 

[0 0 80] (ggS£0y 2 ) ^P^O«R*|5i®?lll^ft!lc7) 

[0081] **3, mw^m-s:^ mmm<Dwm\zx 

io KMLfcElffiirac«tgS:*i-5«fB*«-ov^r*4. WIS 
[0 0 8 2] *HJS^JT^4, *»m?&fflStR 1 1 <7)?E® 

[0 0 8 3] Ttm^mil 2 1 CO^mF{^, Mdb^ffijg 1 

i b mmz^mm^mmzxwim ufc & w*>, »b 

20 -etDillgj&S 4 00-1 000n m^OB&^^CO^^ 
[00 84] ^cDD£!£h^@® lib (Dl&R&VtlMfcm^ 

mmm<ow&3tmm 1 1 bfc«j**ftfc;*<D*:Rtt, n 
je#ji <Dm&tmmm¥m£frz^tewmw;x~ibvti 
^ *llJ6ea^^DfliaiSS^z:*^fi(44 o nm-es> 

«9, t a n0J4O. 1 3T'fcofc 0 

[0085] ^v^^mfrhtezKmmkmzxtemk 

30 4 «9 80^ QflaiS $ <Z> ~ ^p*9ffif4 2 0 n m 

-C£>9, tan0i4O. 0 6Tfcofc. 

[00 8 6] S btC, 2 1 0^«(CX»lHl 

J«fe£tTo/c£c5. (2 2 0) xm\B}mt°—?(Dmft 

8*1220* (111) ximm*?-*<o&&ftBtiiu<D 
^i22o/iiii^ 2 - sxh^o. mMm\<Dm^tmtm 
mxhz> 0 

[0 0 8 7] ^ <7)S»lii(7)AM 1 . 5 (100m 
w/ cm 2 ) H»«fcft=Tfci3»t6«8tt-aE*»tt*r«3e 
M»lffi2 5. 4mA/cm2 , BB»ffi 
40 EEI40. 5 2 7V, Jf^S^-(40. 7 0 1, ^m^Sb 
4^(4 9. 3 8%T*fco/c 0 

[0088] r <om%:frt>, wdhmmm 1 1 b (omam 

l=4 0nm, ^otan0=O. 2 3 t V * 5 QDifb^® 

[0 0 8 9] GEi£bi«S^«*5p*&<a=2 Onm, 

tan0 = O. 06<bV^ nly|j =r >® 1 4 <DQ0 

so *»4f 9 75^4, HJS^; 1 i R«5w, ElT^HJSffi 3 OSS* 
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13 



14 



[0090] mmm 3 ) ^m<ommxmm t m<o z h 
ttis. RBofi^ mmmmmm^xmm utaffi 

[0 0 9 1] #H!£0flT*te. 1 i^faS^ U ^ >J1 1 3 
ffM^f-x SiH 4 #^S:2 50 SCCMJ:t5Ifc 

m o ig £ a* * # < 4 s r t a* Tffl s n 5 o 

[0 0 9 2] nyid^?fe53ti^i2 1«« 

J:«9»J^Ufctw5, Bfliail*©Z*^ffl[H2 6nm 
tan0liO. 0 9-efoofCo 
[0 0 9 3] SbfcX||IiI*HSfe«:fTofcfc^5, (2 2 
0) X||[H]tJTt: o -^C0^^l220^ (llD X*® 

iff tr—* ott»3*Siin^tti22o/iiii« 3 • 2 

[0 0 9 4] rO»K*|»«?fe^AMl. 5 (10 0m 

w/cm 2 ) BB.it*#T^tt5m*-®/±^tt^ay^ 

Lttr5, atig«2 6. 8 mA/ cm 2 , BHJScS 
ffittO. 5 2 5V, JWKH^ttO. 7 0 2, 3t«aE*S» 

[0 0 9 5] c<e>*8*«:, 2<nW&b\m.-* 

[0 0 9 6] r<Og^^, nSv'!j3yll4(Diffi 
(7>DDi£biBS^^^¥*9*i:=2 6, ^otan0 = O. 0 
9 t V * 5 n §! 5/ U ^ >-! 1 4 (DSffiOlfflO^rtiMtfc 

[00 9 7] Ottt«) *^P^^«^*^Sftcoi:b^« 

[0 0 9 8] *];t:K«t11 ^^ffitf^s^^^BR 
fc % ««rtWbK«*fc«i-#IB«rl 5»iUfe6WHi 

[0099] ^ya^a^fettajtaaeniBojRfijtad 

Z 5, ^T^Bl^ 5 0 — 2 0 0 n mSSOK&^EfcR 
[0 10 0] r^BDCi*ffiBO^S:l¥ai^»J-<S^: 



mX*<DW£}M£<n— ^¥*§Mttfil 2 nmtfcl tan 

eteo. 0 5t?feofc e 

[0 10 1] SfeK, ft«3ElftBS:^fi8Sl-X«lHl4ffffi 

SrtTofc^r^s (2 2 0) XllHljTt-^^M 

1220^ (i i i) xi»ia*ftr— ^oa5^3MEini©Jti 
220/lnitt3. 2t*fc^ nMmi-s<DWt&tm£ 

[0 10 2] ^<oafBfet»«?fe^AMl. 5 (10 0m 
W/cm 2 ) ^^T^*5*t*««--«E«H4**]^ 
Lt^C5> ®f6«SE«2 2. 9mA/cm 2 , 
EfiO. 5 2 0VJ«W0. 6 9 9, 3t«3E*a 
^8. 3 2%-CfcofCo 

[0 10 3] ^J£Wl — 3<D»-&tit«i-5i:, BBScS 

[0 104] Z(Dftfkfrt>. W£&ffiM<oWthft£v>~ 
i¥j§f=12nm^tan0 = O. 0 5^» 

fc. 

[0 10 5] **K^»K*l»«?l!loSb*S: 
30 ^^SfK^SBaffit-o^^tR 

[0 10 6] »^/|/^7^Sfi±^tffCVDft 

«Asahi-U) <D_h(C\ m^hf-ASg#fe(C«t Q£ 
«fl«l 5 O'C^IBSSi LT$1£J]|l£ 5 0 0 nmt 

i^&lc J: «9 £tR*SJK 1 5 0 < C-t?*Mtffi»*:»* 50n 
m\zj&jfctZ>Z-tX\ Dfli&*ffiJi**i-5aWI^«» 

40 [0107] ft*3, BMtffi«&tt«*K^ y => ^mmat,^ 
[0108] z(DxmmmmmR(Dm£h^m<vmw;& 

5: y Kffl-Cfc 0 . HDibi^ $ ^rSWfili 4 2 n mT'fe 
9 % t a neteO. 3 

[0 10 9] 3^«^feftS*«EUUi*rJBrit«^ 
X^lHltfT^^To^^r^, (2 2 0) XlS[H]4fTt: D -^ 
so ^a^3&Sl220^ (llD X^lEl^ft: 0 -^^®^S 
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Illl^itl220/Illl«il. 5T*&ofc 0 

[0 110] :^)»i*Baa©AMl. 5 (10 0m 
w/cm2 ) HS#tftfl=T$c*5»tS«8E-«E»ttSrJB!I3e 
tttw^ MStffi!! 2 4. 7 m A/ c m 2 N mWcW, 
Et&O. 5 17V. HMKB^teO. 6 9 2 S 3tmMWk9)) 
mas. 8 4%T'fcof: 0 

[0111] is«i-3^tit^^ Mi&m 

[0 112] X«S^Itftt%x.^^:, 
(~^pi£Ki£=4 2 nm. tan0-O. 31) T?tt, 

[0113] ±m$£mmm<D!Km*<M£< u a#4 
[0114] si±(nmmm 1 - 3 , jtuMsk fiE*0y<E># 

#\ 2 5-6 0 0nm(DiiT + fc^ 7^otan6#\ 
0. 07-0. 2 0 <Oj6HT-fctttf. A#*#Bfl&»* 

[0 115] £/c. Ofl£^®/f 1 1 b<DE][&0>- g{$T*& 
S^jttfEtt, 2 00-2000n m-Cfctttf, JtfSGD 

[0 116] £<bl-> nS'>y3>il4*i«il 
1 5-6 0 0nm^)gltfc^ ^ 
Otan8^ 0. 10 — 0. 3 0 OffiBT'fcJxtf, £ 

[0 117] iot, #*fflO*|»B?iyBKK 1 1^ 

BDDiao«jt^ j: . immsm 2 1 ©jbj*^^**^ 
zmmxmmm 2 o &m&xz s^t^y^^o 

[0 118] 

MiSt'feoT, ±12H3£h<aiS£i;i % ^<7)-^^fS 
2*2 5 nm— 6 0 0 n m^eH5C*5 J: 5 lZ&fc£i%X 

^ft^etUcdr^WtanQ^O. 0 7 — 0. 2 0O 
[0 119] *&W\z£ti^ 5tB35i3b*^B5</ < c9 % 



(9) 

[0 12 0] ±EDfldb3dsaW»«tt<o*m^bftsri: 

[0121] ±eaw»^iD*mA^64«t«>tt, ^ 

[0 12 2] ±EDflfi«. ±lffiSWW*tt<0»»3&^4 
[oi 2 3] *3g^<Dte<DiclSRa;?fefflS3Ktt x ±I5^J: 

5i-> %mm^m\z.m^^m^t^m^^x\i^h<D 

tkot, _bl£?v:fi, ffl52 00nm-2 0 00nm 

[0 12 4] *»WJ-J:Mi, ±IEDflia^H$«:, -^co 
"^ 5 F*9ffid s 2 5 nm— 6 0 Onm^glCftSi:* 

£ Lfc£#c7) t a n 9^0. 0 7 — 0. 2 0<D^m\^ 

m±xi* zt^o s»*«r*-r 5 0 

[0 12 5] ifaJt^ESfi, 4 0 0 nm-1 2 

[0126] ^^ic^s^K^Ba^tt, _hfs^ J: 5> 

40 ^< t t-o^^m^^^b^s^tm^^s^is: 

»htlX\<^Z>m$LXlhZ> 0 

[0 12 7] **WlcJ:ixri, ^S^tfeB^oXR&Srif 

[0 12 8] ±IS*«SC|jUilc»i-<5±IB*iStK*t« 
S^P^tS^ 5 1 5 n m— 6 0 0 n mCO®{S(C^^) «fc 9 |cS 

50 ^^nt^5«(:, JiE&aa^^a^^r^^Dfidb 
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17 

[0 12 9] dfttc.fc'K 3t«SE»JB^MB^*fai*Dfl 
f 4 5 0-6 5 0 nmlS^MfiMOiT, £<bt- 

[0130] JilE*m^m/l^ 5 < 1 1> 1 oco 

r^vy 3>-cttit«SE»H-*Jffl"C#*v^**7 o o n 



75 



1 1 

1 1 a 
1 1 b 
1 2 
1 3 
1 4 
1 5 
1 6 

1 7 

2 0 
2 1 
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(71) tBIIA 500132649 

a* mm 

< (imtSS ITS l # l *ift!f§ 2 
(74)_kfE3£0>ft3A 100080034 

(72) fB9!# fPffl «h] 



*IRJff*IRi|i|BrffiWB:ft?fe»T22#22# -> 
(72)»9!# iffl* ant 

««e*o < mmm its i #4 una 

(72)389J# ^A 

»o < tfffittH ITS 1 #4 Ifctt 
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